OBJECTIVE: To compare levels of physical function, across levels of body mass index (BMI), among middle-to olderaged women. DESIGN: Cross-sectional study. Physical function, body weight and other covariates were measured in 1992. SUBJECTS: 56 510 women aged 45 ± 71 y, free of cardiovascular disease and cancer, participating in the Nurses' Health Study. MAIN OUTCOME MEASURES: The four physical function scores on the Medical Outcomes Study (MOS) Short Form-36 (SF36) Health Survey: physical functioning, vitality, bodily pain and role limitations. RESULTS: After adjusting for age, race, smoking status, menopausal status, physical activity and alcohol consumption, there was a signi®cant dose-response gradient between increasing levels of BMI in 1992 and reduced function. For example, women with a BMI between 30 ± 34.9 kgam 2 averaged: 9.0 point lower physical functioning score (95% Con®dence interval (CI) 79.5, 78.5), 5.6 point lower vitality score (95% CI: 76.1, 75.1), and 7.0 point lower freedom from pain score (95% CI: 77.6, 76.4). These declines represent an approximate 10% loss of function compared to the reference category of women with BMIs ranging from 22.0 ± 23.9 kgam 2 . For the same BMI comparison, heavier women were at 66% increased risk of limitations in ability to work or perform other roles (RR 1.66; 95% odds ratio (OR) CI: 1.56, 1.76). These ®ndings were replicated when the sample was restricted to women who had maintained their BMI over a ten year period. CONCLUSIONS: In addition to increasing risk of chronic health conditions, greater adiposity is associated with lower every day physical functioning, such as climbing stairs or other moderate activities, as well as lower feelings of wellbeing and greater burden of pain.
Introduction
Excess body weight is associated with increased risks of total mortality, as well as increased incidence of a variety of diseases including diabetes mellitus, hypertension, cardiovascular diseases, osteoarthritis and certain cancers. 1 The relation of adiposity to limitations in daily activities has been examined only to a limited degree. In a follow-up study of 2554 women aged 45±74 y taking part in the National Health and Nutrition Examination Survey (NHANES) I, 2 those in the highest tertile of the body mass index (BMI) (b27 kgam 2 ) had a twofold increase in the risk of developing mobility disability compared to women in the lowest tertile. In that study, examples of mobility disability included any limitations in carrying out daily activities, such as walking across a room, climbing stairs or transferring from a bed, bath or chair. 2 Although other studies have also reported an association between obesity and disability, 3 ± 6 less is known about the impact of various levels of overweight on more comprehensive measures of daily functioning. If overweight is associated with subtle limitations in activities such as, performing chores like carrying groceries or accomplishing work tasks, as well as symptoms such as being tired or in pain, this may not be captured by many disability scales, but could nonetheless impose a considerable burden on the quality of life for individuals. In this crosssectional study of middle-aged women, we therefore examined the association between body weight and four indices of daily functioning, as assessed by the Medical Outcomes Study Short Form-36 (SF-36) Health Survey: 7 physical functioning, role limitations due to physical problems, vitality and bodily pain.
Methods

The Nurses' Health Study Cohort
The Nurses' Health Study cohort was established in 1976, 8 when 121 700 female registered nurses aged 30±55 y completed a mailed questionnaire, requesting information about risk factors for cancer and cardiovascular diseases, including current and past smoking habits, and past personal history of myocardial infarction, angina, cancer, diabetes, hypertension and high serum cholesterol levels. Since then, follow-up questionnaires have been mailed every two years to the entire cohort, to update information on a variety of health risk factors and the occurrence of major illnesses. Further details of the Nurses' Health Study have been described elsewhere. 8 The Medical Outcomes Study Short Form-36 (SF-36) Health Survey
On the 1992 questionnaire, we included a slightly modi®ed version of the Medical Outcomes Study (MOS) Short Form-36 (SF-36) Health Survey. 8 The SF-36 questionnaire was originally developed for the Rand Corporation's Health Insurance Experiment. 9 It is a self-administered, 36-item questionnaire that measures health-related function in eight domains: physical functioning; role limitations due to physical problems; role limitations due to emotional problems; vitality; bodily pain; social functioning; mental health; and general health perceptions. The instrument has been extensively validated within the Medical Outcomes Study, 10 and in other settings 11 , and has high construct validity 11 ± 13 and high internal consistency reliability 10,11,14 ± 16 and test±retest reliability.
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In the present study, we examined the relationship of BMI to four scales of the SF-36 pertaining to domains of physical function: (a) the physical functioning (PF) scale, as measured by the sum of ten Likert-scaled items, indicating ability to perform a variety of daily activities and tasks that require physical effort, such as climbing stairs and carrying groceries; (b) the role limitations due to physical problems (RP) scale, as measured by the sum of four Likertscaled items, indicating whether one's physical health impaired one's ability to perform work or other activities; (c) the bodily pain (BP) scale, as measured by the sum of two Likert-scaled items, indicating frequency of pain and its interference with daily activities; and (d) the vitality (VT) scale, as measured by the sum of four Likert-scale items, indicating levels of subjective well-being, energy and fatigue. We focused on the four subscales relating to physical, rather than mental, health because obesity has already been linked to major chronic disease in this cohort. 18, 19 Our goal was to determine whether obesity could be linked to a broader de®nition of physical health.
Of these four domains, vitality is a more general measure that is also correlated with psychological well-being. However, because vitality is also strongly correlated with the physical health component of the SF-36, 7 we have included it as an outcome in these analyses.
After summing the items, each scale is then standardized so that they each range from 0 (lowest level of functioning) to 100 (highest level). As a general guide, Ware et al 7 have suggested that a ®ve-point or greater decrement in any of the SF-36 scales, is clinically relevant.
Predictor variables
BMI (de®ned as weight divided by squared height) was assessed from height (in m) as ascertained on the original 1976 questionnaire and body weight (in kg) as reported in the 1992 questionnaire. The validity of self-reported weight in this cohort has been established in a sub-study of 184 participants living in the greater Boston area. 20 Six to twelve months after completing the study questionnaire, participants were weighed in light clothing on a digital bathroom scale. The weights reported in the questionnaire were highly correlated with actual measurements (Spearman r 0.96), although the self-reported weight averaged 1.5 kg less. 20 In our analyses of BMI and functioning, we controlled for several potential confounding factors, including age, cigarette smoking, minority status, levels of physical activity, alcohol consumption and menopausal status. Using data from the 1990 and 1992 surveys, women were categorized as never, former or current smokers (1±14, 15±24 or ! 25 cigarettesad). Women were classi®ed as being either of Caucasian or non-Caucasian ancestry. Recreational physical activity was determined using a reproducible, validated questionnaire 21 that assesses the frequency of eight common activities in which women engage. The physical activity battery enabled us to calculate an average weekly activity score that accounted for both the type and duration of activities. 22 Recreational physical activity was not included as a covariate in the PF model, since both measure similar domains. Alcohol intake (g per day) was assessed via food frequency questionnaire.
In one set of models we also considered as covariates, self-reported diagnoses of diabetes, arthritis (combined rheumatoid arthritis and osteo-arthritis), high blood pressure and hypercholesterolaemia. Hormone replacement therapy was considered a covariate in an analysis limited to post-menopausal women. With the exception of alcohol intake, which was assessed on the 1990 questionnaire, all other predictor variables were assessed in 1992.
Study population
To be included in this study, women had to have completed the SF-36 survey on the 1992 questionnaire, and have information on age, weight and height, smoking and exercise (n 69 902). This excluded 4726 deaths, 28 490 women who completed a shorter 1992 survey which did not contain the SF-36 and 1417 who were missing other key data (usually body weight). The shorter survey was sent to women who had not responded to several mailings of the main 1992 questionnaire. The short version only Lower levels of functioning with higher weight EH Coakley et al ascertained disease status and a few key exposures, to minimize respondent burden. We then excluded all women who reported a diagnosis of cancer, angina, stroke or myocardial infarction prior to June 1992 (n 13 201). Of the remaining 56 701 women, 191 were excluded for having extreme values for exercise (b30 haweek) or alcohol consumption (b315 g ethanolaweek). Thus, 56 510 women were included in this analysis.
Women who completed the shorter version of the 1992 survey, were somewhat older, heavier and more sedentary, on average, than those who completed the longer survey. However, there was substantial overlap (for example, equivalent inter-quartile ranges) in the distributions of these responses. This indicates that estimates based on the subgroup should not be greatly biased by the type of survey returned.
Data analysis
The SF-36 was considered usable, if respondents answered at least half of the items within each scale. When respondents were missing some (but less than half) of the individual items within a scale, we used the imputation method recommended by Ware et al, 7 to replace the missing items with the respondent's own mean of the other available items for that scale. After replacing the missing items, the scales were computed as previously described. This method is justi®ed (that is, does not unduly underestimate variance) when the inter-item correlation is high and when item nonresponse is very low. 23 In the present study, only 7% of respondents have imputed scale scores.
The primary analyses were cross-sectional. Multiple linear regression was used to examine the association between BMI and PF, VT and BP. Even though these scales are constrained to range between 0±100, the marginal distributions of these outcomes gave an indication they were approximately normally distributed, with a broad range of values represented. Logistic regression was used to examine the association between BMI and role limitations due to physical problems (RP), because the marginal distribution of this variable was heavily skewed toward the upper end of the scale and only a few values along the continuum of values were represented. The RP scale was thus dichotomized, based on having any role limitations vs none (that is, we modeled the odds of attaining less than a perfect score of 100).
For each outcome (PF, VT, BP, RP), two regression models were developed based on different sets of covariates. For the primary analyses, all continuous covariates were categorized a priori into mutually exclusive categories. BMI was categorized using cut points recommended by the World Health Organizations (WHO) 24 A similar type of categorization process was used for age and physical activity; the categories were based on quintiles of the corresponding empirical distributions. Tertiles were used for alcohol consumption, because many of the women in this cohort do not consume alcohol. Smoking status and indicator variables for menopausal status and minority status also were included in these models.
A second set of models included the same covariates as in the primary analyses, but also included indicator variables corresponding to a ever having a physician diagnosis of the following medical conditions related to obesity: diabetes mellitus, high blood pressure, hypercholesterolemia and arthritis. Since one of the presumed pathways by which overweight affects physical function is through the development of chronic conditions such as arthritis, diabetes and hypertension, these`mechanistic models' allowed us to test the hypothesis that these conditions lie in the causal pathway between obesity and decrements in function. If this is indeed the case, then the independent effect of BMI on physical function would be substantially attenuated.
Because our primary models are cross-sectional, we can only assume BMI predicts function, but cannot rule out that BMI is a consequence of function. To address this limitation, we re-ran our models on the subset of women who maintained their weight for ten years (1982±1992). Weight maintenance was de®ned as maintaining a BMI within AE 1.5 BMI units (about 5 kg) over a period of ten years and maintaining twoyear weight changes within AE 1.0 BMI units (about 3 kg). Thus, in this subanalysis, weight cyclers and incremental weight gainers or losers were excluded.
Finally, to address the potential effects of hormone replacement therapy (HRT) on functioning, we conducted a separate analysis on post-menopausal women, adding a variable indicating ever-use of HRT to the regression models. All analyses were performed using version 6.09 of SAS. 25 
Results
The mean age of the study population was 58.7 y (range 46±72 y). Comparison of the prevalence of chronic conditions across categories of BMI (Table  1) 
compared to leaner women, overweight women exercised less, but also smoked less and drank less alcohol. After adjusting for age, physical activity (not in PF model), alcohol consumption, minority status and menopausal status, BMI had a strong inverse relationship with all four measures of functioning (Table 2) . In Table 2 , the ®rst row for the PF, BP and VT scales contains the regression intercept, which can be interpreted as the average predicted scale score for the referent group of lean women (BMI ranging from 21.0±23 7 scores for the referent group. For each BMI category, the regression coef®cients represent the average change in SF-36 score relative to the referent group. Results (odds ratio, OR) for role limitations due to RP are based on multiple logistic regression. All models control for age, race, smoking, alcohol and menopause status. VT, BP and role models, also control for physical activity. 95% CI 95% con®dence intervals. Lower levels of functioning with higher weight EH Coakley et al physical functioning (PF), an eight-point lower VT score and an 11-point lower BP score ( Table 2 ). The BP scale is scored in such a way that a high score indicates no pain, while lower scores indicate more severe and limiting pain. For these more extremely overweight women, these decrements of the three scales represent an average 14±16% lower average function, compared to the reference group. The magnitude of these differences in function are both statistically and clinically signi®cant. 6 When we examined the role functioningaphysical (RP) scale with logistic regression, women with BMIs ranging from 28±29.9 kgam 2 and 1.49 times the odds of reporting a work limitation due to physical health, compared to the leaner women (95% con®dence interval, CI: 1.40±1.59). The odds of a role limitation was 2.1 times higher among those with a BMI of 35±39.9 kgam 2 (95% CI: 1.89±2.28). Stepwise regression was used to determine the relative importance of BMI in explaining the variation in each health outcome. BMI, exercise, age, alcohol consumption, smoking status, menopause status, minority status and the eight chronic illness variables, were allowed to compete for entry into the models. BMI turned out to be the single most important predictor of physical functioning, bodily pain and role functioning. BMI was the second most important predictor of vitality after physical activity. The other key variables in the stepwise regressions were age for the PF and VT models, and arthritis for RP and BP models.
When we re-analysed the models including a set of indicator variables for diagnoses of hypertension, hypercholesterolemia, diabetes and arthritis, inclusion of these variables only somewhat attenuated the impact of BMI on the PF and BP scales (data not shown). No attenuation was found for the VT and RP scales. The attenuation was most noticeable for the higher BMI categories and reduced the effect of BMI by an average of 2±4 points (for PF and BP scales). For example, without the inclusion of chronic conditions as covariates, the average decrement in physical function (PF) for women with BMI between 30± 34.9 kgam 2 was 9.0 points; with the inclusion of chronic conditions, the average decrement was still a signi®cant 7.2 points. All four comorbid conditions had statistically signi®cant impact on the four dimensions of physical health, independent of BMI (data not shown). Among the four conditions, diagnosis of arthritis had the single biggest impact on function, resulting in average decrements of eight points for PF, ®ve points for VT and 13 points for BP.
Other covariates were also signi®cant predictors of function. As noted above, higher physical activity was a predictor of better function. Cigarette smoking had a statistically signi®cant negative effect on PF, VT, BP and RF. Age had a negative effect on physical function, pain and role function, but a positive effect on vitality. Table 3 presents the additive effects of these exposures combined with BMI. We used our main regression models to contrast lean women (BMI 21.0± 23.9 kgam 2 ), who never smoked, and moderately active (exercised 25±29 MET-hours per week), to moderately overweight women (BMI 28± 29.9 kgam 2 ), who were regular smokers and sedentary (Table 3) . We developed scenarios for two agegroups, 45±51 y and 62±66 y (the ®rst and fourth age quintiles), and adjusted for menopausal status, minority status and alcohol intake.
The format for Table 3 is the same as for Table 2 , except that the second and subsequent rows represent the change in scale score for a combination of the listed covariates, predicted from the regression models. Moderately overweight smokers experienced an 8.7 point lower PF. When these women were also sedentary, the reduction in VT was 10.7 points and 7.3 Table 3 The association between combinations of health habits and physical function (PF), vitality (VT), bodily pain (BP) and role functioningaphysical (RP) Based on multiple linear (PF, VT, BP) and logistic (RP) regression models presented in Table 2 . naa exercise not in PF model . Effect of BMI and smoking only. 95% CI 95% con®dence interval; OR odds ratio; BMI body mass index.
Lower levels of functioning with higher weight EH Coakley et al points for BP. The OR of having any physical role limitation was 2.05 (95% CI: 1.83±2.30). Among older women (62±66 y), the decrements for these scenarios were similar (Table 3) . There were 22 007 women in the study group (38%), who maintained their weight over the preceding ten years (1982±1992), regardless of the level of their weight in 1982. For these women, their 1992 BMI is re¯ective of their BMI for the past decade. Among these women, the association between level of BMI and current functioning, show the same pattern as for the cohort as a whole (Figure 1) . Statistically signi®cant declines began at BMI levels of 25± 27.9 kgam 2 . Among those whose long-term BMI was between 30±34.9 kgam 2 , an average 10.9 point reduction in physical functioning was observed, as well as a 6.1 point reduction in vitality, and an OR of 1.82 (95% CI: 1.61±2.10) for having a role limitation due to physical problems. The burden of pain was much greater for long-term obese women, an 8.9 point negative effect.
In the separate analysis of post-menopausal women, hormone replacement therapy did not confound the relationship between BMI and the four domains of functioning.
Finally, to describe the clinical signi®cance of the observed reductions in physical functioning, we developed a content-based interpretation of the PF scale following the methods described by Ware et al. 8 This was done by cross-tabulating the predicted PF score from the regression (Table 2 ) with the actual responses to individual items that make up the scale. The PF scale is made up of ten items eliciting the ability to perform the following: vigourous activity, moderate activity, liftingacarrying groceries, climbing several¯ights of stairs, bendingakneelingastooping, walking more than one mile, walking several blocks, walking one block and bathingadressing oneself. Table 4 presents the percentage of respondents who were limited in four of these activities at various levels of predicted PF scores. (PF was chosen because BMI was most highly associated with this scale. The values in Table 4 were computed by (1) assigning a predicted physical functioning score to each woman based on the primary regression model; (2) these predicted values were categorized, and (3) the percentage of women in these categories who actually reported having a limitation for each of the four items was calculated.) For example, 8% of women with a predicted PF score of !95 actually reported being limited in their ability to engage in moderate activity (such as vacuuming or playing golf), whereas 18% of women who scored 85±89 reported this limitation.
The information presented in Table 4 can now be used to interpret the results in Table 2 and Table 3 . For example in Table 2 , women with a BMI between 28±29.9 kgam 2 had an average predicted PF score of 90.3 (the sum of the intercept and the coef®cient for BMI in that category). From Table 4 , we can determine that 12% of the women with PF scores in this range were limited in moderate activities; nearly 20% were limited in their ability to climb a few¯ights of stairs, or to bend, stoop or kneel. To take a further example, women aged 45±51 y with BMI in the range 28±29.9 kgam 2 and who smoked, had an average PF score of 86.9 (the sum of the intercept and regression coef®cient for BMI 25±29 kgam 2 ; Table 3 ). According to Table 4 , b10% of such women reported limitations carrying groceries and nearly 30% reported limitations climbing several¯ights of stairs or bendingakneelingastooping. Predicted PF scores are from the multivariate linear regression with PF as the outcome (Table 2) ; see also footnote. Lower levels of functioning with higher weight EH Coakley et al
Discussion
The overall ®ndings of this study, consistent with previous reports, indicate that being overweight is associated with functional limitations. Moreover, the impact of BMI on physical functioning appears to be independent of the diagnosis of obesity-related chronic diseases such as hypertension, diabetes mellitus and arthritis, and is present even at moderate overweight. ) and cigarette-smoking, middleaged women, indicates that a substantial proportion of them are limited in performing even minor daily activities such as bending, kneeling or stooping. In her study, Stewart et al 10 found that a nine-point decrement in the physical functioning (PF) scale was comparable to having arthritis or back problems. Stewart et al 10 also found that a 7±10 point decrement in the pain scale (BP) was comparable to having angina or back problems. Thus, for middle-to olderaged women, the functional limitations and pain associated with having a BMIb29.0 kgam 2 were comparable to those experienced due to arthritis. The effects are additive; on average, someone with both a high BMI and arthritis would experience a double reduction on these scales.
The major limitation of this study is its crosssectional design. The direction of causality is not always clear cut. For example, poor physical functioning may have preceded the development of obesity. It is possible that poor health resulted in sedentary behavior, which subsequently led to weight gain. However, we found similar or even somewhat greater, limitations among women who had been consistently obese ten years prior to the measurement of current function (although we did not have data on prior function).
The selected nature of the Nurses' Health Study cohort, raises the issue of the generalizability of our ®ndings. We compared the responses of (Nurses' Health Study participants on the four scales (PF, VT, BP, RP) to a nationally representative sample of women included in the National Opinion Research Center's (NORC) General Social Survey (GSS; unpublished data±personal communication with Dr Benjamin Amick). The mean vitality (VT) score, adjusted for age, were quite similar in the two samples (62.8 in the Nurses' Health Study, compared to 63.9 in the GSS). The mean BP scores were also similar (76.5 in the Nurses' Health Study, compared to 74.7 in the GSS). Women in the Nurses' Health Study reported somewhat higher PF scores (89.4) compared to women in the GSS (85.3), which may re¯ect a degree of occupational selection. On the other hand, the Nurses' Health Study members reported lower average role functioningaphysical (RP) scores (82.0) compared to women in the GSS (87.1), which may re¯ect the relatively demanding nature of the nursing occupation, such that a given degree of physical impairment results in a greater impact on role performance.
Conclusion
Although more de®nitive conclusions must await the availability of longitudinal data, the ®ndings of the present study suggest that being overweight in middle life may be associated with limitations in common, day-to-day activities, and perceived levels of energy and fatigue (vitality). This ®nding is particularly relevant because 50% of this sample had a BMI ! 25 kgam 2 , and nearly 30% had a BMI ! 28.0 kgam 2 . These ®gures are comparable to national estimates for women. 26 If higher body weights are associated with these more immediate and tangible health effects, these ®ndings may be useful in promoting the 1996 USDA Dietary Guidelines, 27 as an incentive to maintain or improve weight levels.
